In studies on the mode of action of antifuingal agents, it may be valuable to reveal the difference in drug sensitivity between fungal spores and mycelia. Various methods employed in the evaluation of antifungal substances do not necessarily apply to the solution of this problem. For the estimation of "sporostatic" activity of an agent, the inhibitory effect on the course of germination of spores can be taken as a measure of (luantitative evaluation of the activity. On the other hand, the quantitation of growth inhibitory activity oni mycelia ("mycostatic" activity) of an agent is much more complicated.
In studies on the mode of action of antifuingal agents, it may be valuable to reveal the difference in drug sensitivity between fungal spores and mycelia. Various methods employed in the evaluation of antifungal substances do not necessarily apply to the solution of this problem. For the estimation of "sporostatic" activity of an agent, the inhibitory effect on the course of germination of spores can be taken as a measure of (luantitative evaluation of the activity. On the other hand, the quantitation of growth inhibitory activity oni mycelia ("mycostatic" activity) of an agent is much more complicated.
In the present experiment, mycelial fragments prepared from pellets formed in the submerged culture of a fungus were used for the quantitative evaluation of mycostatic as well as the "mycocidal" activities of a given agent. The mycelial fragments formed individual colonies on agar media. Therefore, techniques for bacteriostatic and bactericidal tests routinely employed could be easily modified to mycostatic and mycocidal tests.
MATERIALS AND METHOI)S
The stock culture of Aspergillus niger strain 16173 was grown on an agar slant of medium of the following composition: peptone, 20 g; yeast extract, 0.5 g; KH2PO4, 1 g; MgSO4-1OH20, 0.5 g; glucose, 10 g; agar, 25 g; and water to 1000 ml (pH adjusted to 6.0). The same medium with or without addition of agar was used for test media throughout these experiments. The stock culture was used after at least 1 week of incubation at 30 C.
Dry preparation of spores used for the present experiments was obtained by the following procedure, which is the modification of the method of Yanagita (1957) . A sterilized processing tray (26 by 20 by 4 cm) covered with paper (used for Japanese paper-screen) was poured with 400 ml of the agar medium. After the solidification of the agar, 10 ml of sterile distilled water 3Kindly suipplied by Dr. J. W. Foster of the University of Texas.
was spread over the agar surface, and a sheet of sterilized filter paper (26 by 20 cm) was laid down on the agar. P'recaution was paid to prevent the inclusion of air bubbles between the paper and agar. Then spore suspension made from a stock culture was sprayed on the filter paper and incubated for 1 week in a wet box at 30 C. Abundant formation of spores could then be achieved. The spore bearing filter paper was separated aseptically from the agar medium, and the tray was emptied by discarding the wasted medium. The spore bearing paper was then replaced in the empty tray, anid incubated for a few days in a dry chamber at 30 C until the margin of the paper curled up by drying. For collecting the dry spores, an electric vacuum brush4 was found to be very convenient. In this case the paper bag instead of cloth bag was used for the final collection of spores. The spores thus collected were screened through fine silk cloth to separate the contaminating mycelia, conidiophores, and other forms of the cell. The yield of dry spores was 0.6 to 0.8 g per tray. These spores were usable for many months provided that they were stored at 4 C in a small tube with a tight rubber stopper.
The substances tested were: five synthetic fungicides; sorbic acid, dehydroacetic acid (DHA), sodium pentachlorophenolate (PCP), 2-butylthio-1 ,4-naphthoquinone (BTN), and phenylthiolbenzoate; and three antifungal antibiotics; actidione, mycelin (Aiso et al., 1952) , and eurocidin (Nakazawa, 1955) . Eurocidin is a pentaene and mycelin is an antibiotic closely related to fradicin (Swart et al., 1950) .
A. Tests for Sporostatic and Sporocidal Activities During the course of spore germination, the usual marked increase in the size of spores occurs, followed by the emergence of germ tubes. Thus, in the test for the sporostatic activity of antifungal substances, there are two criteria of judgment, namely, the inhibition of conidial swelling and that of germ tube emergence. Previously, it was observed that the cytochemical and metabolic pattern of the germinating spores changes conspicuously at the time of germ tube emergence (Yanagita, 1957) . In other words, at this stage of germination, the cytochemical and metabolic patterns are vigorously shifting from those of spores toward those of mycelia. Therefore, as suggested by Horsfall (1956) (1) Untreated resting spores; (2) to (5) treated by 2 X 10-3, X 10-3, 5 X 10-i, and 2.5 X 10-4 M pentachlorophenol; (6) ( 1) where S and SO represent the percentages of swollen or sprouted spores on test and control plates, respectively. The value S. usually gave 95 and 90 per cent for the process of swelling and sprouting, respectively, under the present experimental conditions. Sporocidal test method. In this experiment a known number of spores were subjected to contact with certain concentrations of fungicide in a liquid medium for a definite time interval, taken out of the environment, and then plated on an agar medium without added fungicide. The spores swelling on the medium were then counted for survivals.
A 0.2 ml aliquot of the spore suspension in water (2.5 mg dry spores per ml) was inoculated in 4.8 ml medium, with or without the addition of various concentrations of test fungicide, the final concentration of spores being 100 ,ug per ml. After 13 min incubation with the fungicide at 30 C, the spores were harvested by centrifugation. The time of contact with the initial concentration of fungicide was exactly 20 min, including the time of centrifugation. Spores thus treated were washed once or twice with 5 ml of medium (free from the fungicide) and resuspended in 0.3 ml of medium. One-tenth ml of the suspension was spread over an agar plate free from the fungicide, incubated for 4 hr at 30 C, and the percentage of swollen spores scored. The percentage of surviving fraction was calculated from formula 1.
B. Tests for Mycostatic and Mycocidal Activities
Preparation of mycelial suspension. Klarmann et al. (1934) used mycelial fragments, prepared by breaking up a 10-to 15-day-old mycelial mat of a fungus, for fungicidal tests. However, the method is not fitted for testing of mycostatic activity per se, since the mycelial mat of the fungi might bear a variety of spores and other forms of the cell. In the present experiments, mycelial fragments were prepared by breaking up 2-dayold pellets grown in the submerged culture of a fungus, In this case the fungus culture was free from spores. 
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One loopful of spores taken from a stock culture of test fungus was inoculated into 60 ml liquid medium contained in a shaking flask. It was cultured at 30 C for 2 days on a reciprocal shaker (130 rpm; stroke: 7 cm). If it was cultured more than 2 days, conidiospores formed around the lower neck of the flask. Since this situation may cause the unfavorable contamination of the mycelial preparation with spores, the duration of the culture should be less than 2 days. The fungal culture with abundant formation of pellets was then stirred vigorously for 2 min in a sterile Waring Blendor (10,000 rpm). The homogenate thus prepared was filtered through three sheets of sterile gauze. The filtrate was a homogeneous turbid suspension of mycelial fragments, as shown in figure 2. When 0.1 ml of the suspension was spread over the agar plate, about 100 recognizable colonies formed after 1 day of culture at 30 C. Thus, 1 ml of the homogeneous mycelial suspension contained about 1000 colony-forming centers. The viability of the mycelial fragments in the suspension thus prepared fell off rather rapidly. After they were kept for 20 hr at 3 C in the culture fluid, about 40 per cent of the colony-forming centers lost viability. When the freshly prepared fragments were resuspended in M/15 phosphate buffer at pH 6.0 and stored at 3 C for 20 hr, almost the same degree of death occurred. Consequently a freshly prepared mycelial suspension was always used.
MIycostatic test method. Agar plates were prepared with or without additioni of various concentrations of antifunigal substance. One-tenth ml of the mycelial suspension was spread over the agar surface by the use of a bent glass rod. After 1 day of incubation at 30 C, the colonies formed on each plate were counted. The degree of inhibition, I, is given as shown by formula 2 1= ( -X 100 (2) in which M and Mo represent the number of colonies on the plates with and without added test substance, respectively.
MIycocidal test method. One ml of mycelial suspension was harvested by centrifugation and was resuspended in 5 ml of medium with or without the addition of vNarious concentrations of test substance. The suspensions were incubated at 30 C for 13 min, followed by centrifugation. The time of contact with the initial concentration of the fungicide was 20 miii, including the time of centrifugation, as in the case of the sporocidal test. The spores thus treated were then washed once, and resuspended in 1 ml of medium. One-tenth ml of the suspension was inoculated on an agar plate containing no fungicide, incubated for 1 day at 30 C, and the resultant surviving colonies counted. The colony count of untreated mycelial suspension was taken as a control and the survival ratio was calculated at each concentration of the test substance.
RESULTS
Comparison of sporostatic and mycostatic activities of antifungal substances. The data obtained are graphically expressed in terms of the relationship between the degree of inhibition and the concentration (logarithmic scale) of test substances. Sporostatic activities, as judged by inhibition of swelling and sprouting, seem to differ in some cases. Figure 3 shows the typical data of the dosage-response curves for the inhibition of conidial swelling, germ tube emergence, and mycelial growth. In the case of PCIP, the curve for sprouting inhibition fell between those for mycelial growth aiid conidial swelling inhibitions. FUNGITOXICITY AGAINST SPORES AND MI\YCELIA curves. The activity for sprouting inhibition was the highest and those for mycelial growth and conidial swelling inhibitions were successively less. In the comparative experiments on the sporostatic and mycostatic activities of various substances performed below, the conidial swelling inbibition was taken as the measure of sporostasis.
As shown in figure 3 , the sporostatic and mycostatic activities of actidione differed from those of PCP. Table 1 shows the concentrations of various antifungal substances which caused 50 per cent sporostasis and mycostasis. The ratios of the two activities are also indicated in the table. These results show that there are three types of mode of action among various agents: (1) the activities of sporostasis and mycostasis show the same order of magnitude, (2) the mycostatic activity is far stronger than the sporostatic activity, and (3) difference between the two activities is not so wide as in type (2). No substance has been found which exhibits stronger sporostatic than mycostatic activity. Actidione and BTN are of the first type; PCP, mycelin and eurocidin of the second; and sorbic acid, DHA and phenylthiolbenzoate of the third.
Comparison of sporocidal and mycocidal activities of antifungal substances. A 20-min exposure of spores and mycelial fragments to D)HA, even in high concentrations, did not have any influence on the survival ratio of these cells. In a parallel experiment with PC1P, both sporocidal and mycocidal activities were clearly demonstrated. In this case, dosage-response curves for sporocidal and mycocidal activities almost paralleled those of sporostatic and mycostatic activities. The 50 per cent inhibition concentrations for sporocidal and myco- The spores of the test organism used in this experiment do not respond to so-called heat shock. A short exposure of the spores to a high temperature results in instant death. Both the spores and mycelia of this fungus were exposed to various temperatures for 3 min, and the viability of these cells examined by the techniques used in the sporocidal and mycocidal tests.
From this experiment it has been shown (figure 4) that the temperatures which caused the death of 50 per cent of these cells differed by only 5 C between the spores and mycelia. The fact that the slopes of these two curves were almost parallel suggests that the variation of heat sensitivity of spores may be of the same order of magnitude as that of mycelia.
Change in heat and germicidal sensitivities of spores during the course of germination. The results obtained in the experiments described above show that the heat and germicidal sensitivities in some cases differ markedly between spores and mycelia. In this connection the question may be raised as to when, during the course of germination, the resistance to heat and drugs will be lost. The following experiments were designed to answer this (uestion.
Five mg of dry spores were inoculated in 50 ml of germination medium containing L-alanine, glucose, and phosphate (Yanagita, 1957) , and cultured with shaking at 30 C. A 5 ml aliquot of the culture was taken at The spores thus treated were tested for v-iability by scoring of swvollen spores after 6 hr cultivatioin at :30 C. The treatment with the fungicide was performed by the addition of l'Cl' to the ali(uot of culture to make the finial concentration of 2 X 10-4 M, followed bv the iincubation for 20 min alt 30 C. After the exposure of spores to the fungicide, the culture was instantly filtered through at nmembrane filter,6 washed with saline, and the residual spores resuspended in saline. The spore suspension was subjected to the tests for viability (colony forming ability oni the peptoneyeast extracet agar after I day of culture) and for total cell countinlg. Thus the percentage of survivals was calculated.
The heat senisitivity of the spores was founid to change abruptly after only 30 min inicubation in the germinationi medium (figure 5). Under the present experimenttal coniditions, the spores begain to emerge germ tubes after 6) hr. It should be noted that spores incubated in distilled water at the same temperature did not show aniy sign of loss of heat resistance. As mentioned previously, the spores used in this experiment did not swell or emerge germ tubes in the distilled water (Yaniagita, 1957) . F11rom these facts, it seems that the loss of heat resistance in the initial phase of germination is directly related to the metabolic changes associated with germination.
The loss of PCP-resistance of germinatiing spores occurred later thani the loss of heat resistance. Figure  5 also shows that a conspicuous change in PCl' sensitivity occurs between 1 and 2 hr of culture. It cannot be concluded that the loss of PCP-resistance at this moment is caused by a change in the permeability of the agent through the cell wall or by a change in the metabolic pattern of the spores.
DIscussIoN
The method described for counting colonies of mycelial fragments may be useful in the investigation of the biological activities of fungal mycelia per se, since it precludes the presence of spores. There is, however, an importaint problem as to how the degree of mycelial fragmentation influences the colony-forming ability. As shown in figure 2, cytoplasm leaked out from the cut ends of some of the mycelial fragments, whereas those of branching mycelia seemed to be intact. There is at present no evidence as to which type of cell fragment has colony-forming ability. In conclusion, it can be said that only a small fraction of the fragments were able to form colonies.
Comparison of the mycostatic anid sporostatic activities of several agents disclosed that these two activities were very close in some cases and quite different in others. No evidence, however, was shown that sporostatic activity is stronger than mycostatic activity. This was also found true in the experiments of Yamagishi (1958) . He tested new antifungal substances, phenylthiolacylate derivatives, by this method. He found that the introduction of some acyl group into the substance caused a marked enhancement of the mycostatic activity, while it left the sporostatic activity unchanged. He showed also that this (uantitative method is convenient for the demonstration of enhancement, by an agen-t, of growth inhibitory action of a funigicide.
In general, the fungistatic activity of various substances seemed to have more effect on mycelial growth thani oni germ tube emergence. It is worth noticing, howev%eser, that, contraiviwise, some of the fungicides exhibited more effective actioni on germ tube growth than on mycelial growth. This fact suggests that durinig the course of fungal growth, beginining from the time of spore germination, the fungus does not n=ecessarily show the highest sensitivity to an agent at the mycelium stage. It may generally be c(oncluded that the fungus shows the highest resistance during the course of cellular growth at the stage of conidial swelling. Mandels and Darby (1953) presented a rapid method for assayiing fungitoxicants, by measuring inhibition of conidial swelling. In the case of screening antifungal agents, however, it is probable that their method may be less selective thani the conventional one based on the inhibition of germ tube emergence or of mycelial growth.
The difference in heat resistance between mycelium and spore was found to be much less in this organism than in bacteria. In a separate experiment using Aspergillus clavatus as the test organism, similar results were obtained (Yanagita, unpublished data) . The temperatures showing 50 per cenit survival for the mycocidal and sporocidal experiments were 50.5 and 60.0 C, respectively, under the similar experimental conditions.
The finding that a rather abrupt loss of heat and germicidal resistance was observed in the initial step of spore germination is of great interest. At this stage of germination, no distinct swelling begins and no appreciable synthesis of cellular high molecular weight substances occurs (Yanagita, 1957 The sensitivity to various agents and heating of mycelia was compared with that of spores, and the general concept of fungitoxicity was discussed. The loss of germicidal and heat resistance of the spores in the early phase of germination was demonstrated.
